This article aims to find the relation between the multiscale mechanical structure of natural fibre reinforced plastic composites and the analysis scales in the topographic signals of machined surfaces as induced by profile milling process. Bamboo, sisal and miscanthus fibres reinforced polypropylene composites were considered in this study. The multiscale process signature of natural fibre reinforced plastic machined surfaces based on wavelet decomposition was determined. Then, the impact of wavelet function was inspected by testing different wavelet shapes. Finally, the analysis of variance was carried out to exhibit the contribution rate of fibre stiffness and tool feed on the machined surface roughness at each analysis scale. Results demonstrate that studying the machining of natural fibre reinforced plastic requires the selection of the relevant scales. They show also the insignificance of the wavelet choice. This study proves that the contribution rate of fibre stiffness and tool feed on machined surface roughness is significantly dependent on the analysis scales, which are directly related to the mechanical properties of natural fibres structure inside the composite.
Introduction
The use of natural fibres as reinforcement in plastic composites has raised the interest of academia and industry thanks to their higher mechanical properties compared with their low weight in addition to their economic and ecological benefits. [1] [2] [3] [4] Apart from their low production cost, the use of natural fibres is justified by the valorization of local resources and the enhancement of materials and technologies taking into account the environmental impacts and the sustainable development. 5, 6 Profile milling is the unavoidable machining step required for achieving the surfaces of final products. 7 Thus, machining surface state has to be analysed in order to evaluate the efficiency of profile milling process. However, and because of heterogeneity in the internal structure of fibre reinforced plastic composites, usual surface roughness characterization parameters from ISO 4287 such as standard arithmetical roughness average (R a ) are not adapted to reliably characterize the surface quality on composites. 8 Multiscale decomposition method of surface topography is suitable in the case of complex surface topography, where the signal contains discontinuities and sharp peaks, since it takes into account all the scales of decomposition without any cut-off. 9 It is based on wavelets transform, which are a kind of mathematical function that cut up data into different frequency components and then study each surface component with a resolution matched to its scale. 10 This allows the determination of the multiscale transfer function of the morphological modification on surface topography as induced by the machining process. This multiscale approach has been successfully applied to analyse machining surfaces obtained by belt-finishing and honing processes. 11 It was also demonstrated that the wavelet approach is useful when characterizing localized surface defects while Gaussian filtering is more appropriate for highly periodic morphological structures. 12 Nevertheless, this approach involves the choice of the wavelet analysis method (discrete or continuous transform) and the choice of wavelet function shape. This can have significant effect on the analysis results depending on the studied manufacturing process or engineering surfaces application. 13 In fact, for honing process, it has been demonstrated that the regularity property of wavelet function has a significant influence on the characterization of its industrial performances. 14 However, the morphological changes of surfaces generated by belt-finishing process and characterized by several surface parameters are statistically similar regardless the shape of the wavelets. 15 The multiscale approach based on 1D discrete wavelet transform (DWT) has been first introduced in Chegdani et al. 16 to analyse the natural fibre reinforced plastic (NFRP) surfaces machined by profile milling process. The results have shown that the qualities of the milled NFRP surfaces are significantly dependent on fibre stiffness at the fibre bundle section scales. In this article, the contribution rate of material and processing effects (i.e. natural fibre stiffness and cutting tool feed) was evaluated at each scale of the NFRP machined surface quality. The characteristic scales for the analysis of both fibre stiffness and tool feed influence on the milled surface roughness have been determined by calculating the multiscale process signature (MPS) at each profile milling configuration. Various wavelet functions are considered for the surface characterization of the milled NFRP topographic profiles in order to highlight the effect of the wavelet function choice. The sensitivity of wavelet function shape to the roughness amplitude has also been investigated. Then, the contribution rate of both fibre stiffness and tool feed has been quantified by the analysis of variance (ANOVA) at each analysis scale.
Multiscale mechanical structure of natural fibre composites
The natural fibres structure is extremely complex due to the hierarchical organization at different length scale and the different materials present in variable proportions. 17 The natural fibres used in the composites industry ( Figure 1 (a)) are in the form of bundles of elementary fibres (Figure 1(b) ). Indeed, natural fibres are gathered in bundles of one to three dozen of elementary fibres and the bundle cohesion is insured by pectin interfaces. 18 Each elementary fibres is composed of concentric layers with different thicknesses, chemical compositions and structures (Figure 1(c) ). The thin primary cell wall (P) coats the thicker secondary cell wall, which is responsible for the strength of the fibre. The secondary cell wall encloses the lumen, which is a small channel in the middle that contributes to the water uptake. Each layer forms a micro-composite structure that is composed of microfibrils of cellulose embedded in amorphous matrix mainly made of pectin and hemicellulose. 19 The composition rates of these constituents are characterized by a high variability because of different natural factors such as the species and the variety of the plant, agricultural variables such as soil quality, the weathering conditions, the level of plant maturity and the quality of the retting process 17 in addition to the mechanical damages caused by the extraction step. 20 The bulk of the elementary fibre is essentially constituted by the layer (S2) of the secondary cell wall (Figure 1(c) ). In S2, the microfibrils are displayed parallel one to another and form a microfibrilar angle with the fibre direction. 17 Consequently, the machining study of NFRP cannot be conducted without taking into account the multiscale mechanical and physical structures involved at each characteristic scale. 21 At microscopic scale, the microfibrilar angle has an important effect on the mechanical behaviour of the natural elementary fibres. In fact, and unlike the linear glass fibre behaviour, Figure 2 (a) shows a non-linear region in the earlier stage of the loading behaviour of natural fibres. 22 This non-linear behaviour is explained by the sliding of the microfibrils along with their progressive alignment with the fibre axis regarding the initial microfibrilar angle. This alignment would cause rearrangements in the core of the surrounding amorphous matrix, which would imply an elasto-visco-plastic deformation. 19, 23 The behaviour becomes linear in the new rearrangement configuration. However, the natural fibre bundles, which refer to the mesoscopic scale, don't reveal the same behaviour as the elementary fibres that refer to the microscopic scale. 24 Indeed, the tensile test of natural fibre bundle shows a linear behaviour ( Figure 2(b) ). The non-linear behaviour revealed by the elementary fibres is not detected when the analysis takes into account all the elementary fibres grouped in the bundle. At macroscopic scale, the presence of the polymer matrix will induce an elastoplastic behaviour 25 as shown in Figure 2 (c). The mechanical strength decreases significantly between mesoscopic scale and macroscopic scale because of the low mechanical performances of the polymer matrix and the low adhesion between the natural fibre and polymer resin. 26 This multiscale mechanical anisotropic behaviour will influence the machined surface when dry milling NFRP composites. Discrimination and correlations of these effects require:
. Characterizations of the machined surface at the appropriate scale; 24 (c) Typical tensile behaviour of bamboo reinforced polypropylene composite. 25 . Topographic measurements containing the appropriate scales with sufficient fidelity.
These requirements are developed in this work for milling NFRP composites using the approach of DWT and the ANOVA.
Experimental procedure
Three different natural fibres are considered in this study ( Figure 3 ). Bamboo, sisal and miscanthus fibre are randomly oriented in workpiece samples and there lengths are about 1 mm. The samples are in form of rectangular plates of 2 mm of thickness and are prepared by injection moulding of polypropylene (PP) resin with the short randomly oriented fibres. Table 1 presents the mechanical characteristics provided by the supplier for each material in addition to the estimated fibre tensile modulus for each natural fibre, which are obtained by the rule of mixture of Halpin Tsai adapted by Nielson for randomly discontinuous fibre composites as explained in Chegdani et al. 16 Initial surface states were obtained by polishing the NFRP work-surfaces with the same grit size of sand paper before profile milling process. The polishing step was made in order to have the same initial surface state for all the studied workpieces.
Profile milling setup ( Figure 4 ) was performed on instrumented DMU60 MonoBLOCK Õ five axes CNC machine. The milling tool chosen for this study is a helical carbide end mill of 12 mm of diameter and composed of two cutting edges with 25 of helix angle including polyglass flutes. Profile milling operations ( Figure 5 (a)) have been realized on dry cutting contact conditions varying the feed of milling tool. Being all other working parameters kept constant, three values of tool feed (f z ) have been considered. These values cover the suitable feed range for machining composite materials. 27 Table 2 summarizes the material/process parameters and variables used for profile milling tests.
Geometrical and superficial variations of each workpiece samples have been measured at five locations using a 2D Surfascan stylus profilometer ( Figure 5 (b)) according to the ISO4287 standard in order to generate the topography signal of Figure 5 (c). The tip radius of the diamond stylus is 2 mm. The surface micro-profile on each specimen was taken along the machining direction over a sampling length of 2 mm. The evaluation length is 16.8 mm and a cut-off of 0.8 mm is used to evaluate the arithmetic mean deviation of roughness (R a ) profile parameter. Each measurement has been performed before and after the profile milling tests.
Multiscale surface characterization using DWT
The geometrical surface structure in its longitudinal and lateral profiles contains complex characteristics of surface irregularities with roughness, waviness and shape components along the measured length. Material and process parameters impose characteristic irregularities on a part of the surface. 15 The objective of multiscale decomposition using wavelet approach is to find at which range, each material/process variable affects the morphology of the machined surface.
In fact, and unlike Fourier transform, which is limited by its fixed resolution in the space and frequency domains, the DWT 28-32 has a flexible time-frequency resolution by trading resolution in time for resolution in frequency. 10 DWT decomposes a signal into several sub-bands according to a recursive process. At each DWT decomposition, global topographic signal f(x) ( Figure 5 (c)) processed through a series of high-and low-pass filters to analyse the high and low frequencies. 33 The down-sampled output of the high-and low-pass filters are respectively the detail and approximate wavelets coefficients. The procedure was then repeated for subsequent decompositions to achieve the desired level of the multi-resolution analysis. Then the wavelets coefficients were through synthesis filters to reconstruct the topographic signal at each decomposition levels. 16 For DWT approach, the basis filtering functions are obtained from a single prototype wavelet, which called the 'Mother' wavelet ' (x)' by translation and dilation. 10 The general discretization of the wavelet as introduced by Daubechies 34 has the form:
where m and n are, respectively, the translation and dilation parameters. The power-of-two logarithmic scaling of both the dilation and translation steps leads to the construction of an orthogonal wavelet basis (a 0 ¼ 2 and b 0 ¼ 1).
Then : m,n ðxÞ ¼ 2
The DWT of the signal f(x) is defined by:
where m,n ðxÞ is the conjugate of the wavelet function. The reconstruction of the initial signal f(x) is then given by:
Wðm, nÞ m,n ðxÞ ð 4Þ
Then, the multiscale transfer function of the morphological modification in machined surface after profile milling process, denoted by MPS, is determined. 35 It consists in calculating the arithmetic mean roughness (M a ) on each decomposition scale 'i' of the acquired roughness profile. Multiscale profile milling Process Signature (MPS i) is obtained by calculating the ratio of the equation (5) . Where M a init and M a fin are the arithmetic mean roughness for the initial state and the after milling state, respectively. MPS quantifies the surface profile irregularities induced by profile milling process from microscopic scales to macroscopic scales depending on initial surface state and machining conditions.
In this study, several discrete wavelet families and shapes are considered to analyse the effect of wavelet shape on the signal characterization (Table 3 ).
ANOVA
To quantify the effect of source factors (fibre stiffness, feed rate and wavelets shape) on the roughness level at each scale of the decomposition, mathematical models for profile milling of NFRP composites using regression analysis and the ANOVA 7,36 were elaborated. Linear regression analysis for the results of the MPS analysis was considered.
Sequential approach or Type I sum of squares was used to test main effects and interaction effects in ANOVA. It allows, first, to allocate the part of the explained variance to the main effects (one after the other), then to the two-way interaction(s) (one after the other) and then to increasingly higher order interactions if present. 37 Experimental and predicted MPS i signature responses are compared. The sum of squares (SS) and the fitted residual sum of squares (RSS) of these gaps are computed and collected from all the parallel models to form the predictive residual sum of squares (PRESS), which estimates the predictive ability of the model. The goodness-of-fit is evaluated for the considered model with the measure of the squared correlation coefficient (R 2 ) and the cross-validated squared correlation coefficient (Q 2 ). 38
where R 2 is a real number between zero and one. A large value of R 2 indicates a better fitness of the model to the data. The predictive capability of a model is generally determined by Q 2 , which is usually between zero and one. A higher Q 2 value indicates a more reliable model with excellent predictive power. 39 Q 2 can be negative for very poor models.
Finally, F-test 40 was used to quantify the significance of each input working factor '' by:
where MS reg is the mean square due to regression and MS r is the residual mean square.
Results and discussion
NFRP behaviour under milling and the effect on the machined surface morphology
In previous work of the authors, 16 it has been shown that the stiffest fibre (bamboo) shows the stiffest cutting contact and, then, the most efficient fibres shearing without significant debonding between fibres and polymer matrix ( Figure 6 ). Indeed, in the contact between a rigid cutting tool and natural fibre, the energy can 16, 21 because of their high transversal flexibility induced by the natural cellulosic structure along the fibre axis. 17 The cross cut surface of the fibre does not show a ductile regime (pure shearing). 16 Consequently, both the exceeded uncut fibre extremities that remain on the milled surfaces and the debonding zones are the main responsible of the induced irregularities in the corresponding surface topography signal as shown in Figure 6 . In the next sections, focus will be on the best way for analysing these surface topography signals.
Multiscale effect of milling feed and natural fibres on surface signal topography different behaviour areas, which can be related to three decomposition scale zones:
. Microscopic scales (10 and 100 mm): these represent the micro-roughness which is quasi-constant at all the microscopic scales range. The fibre type contribution to the roughness level is similar for both bamboo and miscanthus FRP at low and medium feed rates. We begin to see the difference of fibre type contribution at high feed rates from the higher scales of the microscopic zone. . Mesoscopic scales (100 and 500 mm): this zone relates the scales which correspond to the natural fibre bundle section scales (Figure 1(b) ). The impact of fibre type is significant on roughness contribution at this range of scales. Referring to the fibre stiffness values of Table 1 , it reveals that the NFRP with the higher fibre stiffness has the low contribution to the roughness level. Increasing the tool feed participates to the reduction of the roughness signature at this range of scales. . Macroscopic scales (>500 mm): These concern the scales which correspond to the global NFRP composite structure (Figure 1(a) ). The contribution of all concerned NFRP to the roughness level decreases with the increasing of the tool feed. However, the impact of fibre type cannot be determined because of the randomly orientation of the short fibres within the composite.
The tool feed range (40, 80 and 120 mm) is located on the microscopic scale domain. The irregularities on the machined surface profile caused by changing the tool feed cannot be detected until reaching the scales that are higher than the tool feed range. Then, the tool feed effect on the MPS is not significant at the microscopic scales and start to be important at the beginning of the mesoscopic scales range.
The effect of fibre stiffness is dependent on the cutting scale. In fact, at microscopic scale, the cutting contact is between the cutting edge and the elementary fibre as shown in Figure 1(c) . When the elementary fibre is mechanically solicited by the cutting edge, the interaction will induce the non-linear behaviour of the elementary fibre, which is produced by the sliding of the microfibrils along with their progressive alignment with the fibre axis as explained in 'Multiscale mechanical structure of natural fibre composites' section and Figure 2(a) . Consequently, the tool/NFRP interaction at microscopic scale is not controlled by the stiffness of the microfibrils since they are not sufficiently aligned with the fibre axis and the fibre cut is produced before generating this alignment (i.e. the final linear behaviour of natural fibres shown in Figure 2(a) ).
At mesoscopic scale, the cutting contact is between the cutting edge and the fibre bundle as shown in Figure 1(b) . At this range of scales, the cutting interaction will induce a linear behaviour controlled by the fibre bundle stiffness (Figure 2(b) ). Thus, the fibre stiffness influences the cutting mechanism and, then, the surface quality. At macroscopic scale, the cutting contact is between the cutting edge and the global NFRP structure (Figure 1(a) ). The cutting interaction will depend on the quantity of both fibre bundles and polymer matrix in contact with the cutting edge and hence the irregular behaviour of roughness signature at macroscopic scales.
Comparison with standard surface roughness analysis method
Standard surface roughness characterization had been performed by calculating the global roughness gain ratio (DR a ) between the mean roughness deviation of milled surface (R a end ) and the mean roughness deviation of initial surface (R a init ) using the following equation:
In order to compare the standard and the multiscale surface roughness characterizations, the DR a behaviour has been compared with the mean multiscale process signature (DMPS) behaviour at the mesoscopic scale range. Figure 8 presents the results for both DR a and DMPS that have been drawn regarding the natural fibres stiffness of Table 1 for each milling feed values.
Globally, both standard and multiscale surface roughness methods show that profile milling process increases the surface roughness in comparison with the initial state. However, standard characterization (Figure 8(a) ) indicates that increasing the tool feed (by a factor of 3) does not have a significant effect on the global surface roughness. Moreover, it does not show a difference in surface roughness level between bamboo and miscanthus fibres (i.e. fibre stiffness values of 19 and 13.8 GPa, respectively). On the other side, multiscale characterization (Figure 8(b) ) reveals clearly that increasing the milling feed or the fibre stiffness decreases significantly the roughness level. Indeed, when increasing the tool feed, the chip thickness increases which satisfies the concept of the minimum chip thickness where the undeformed chip thickness is higher than the minimum chip thickness. This favours the shearing mechanism to adhesion or plastic deformation mechanisms. 21, 41 Consequently, increasing the tool feed reduces the topographic irregularities and, then, reduces the surface roughness.
Consequently, the standard surface roughness analysis seems to be not able to identify the specific differences induced by the working parameters and the fibre properties on the milled surfaces. In other words, the standard R a criterion on the global surface profile cannot discriminate the multiscale data in the initial signal topography (Figure 8(c) ) of the machined surface profile.
Wavelets function choice: Influent variable or analysis noise?
By taking into account the standard deviation generated by the experimental measures, Figure 9 shows that the gap between average MPS signatures given by several wavelet types at mesoscopic scale for i ¼ 256 mm (corresponding to the mean fibre bundle section diameter ($200 mm)) is not significant. Moreover, it can be noticed that some wavelet shapes are notable to well discriminate the natural fibre type effect on MPS at the same process conditions, especially at low and medium feed rate such as SYM4, RBIO2.2, RBIO2.4 at f z ¼ 0.04 mm/tooth and DB2, DB4, SYM2 at f z ¼ 0.08 mm/tooth. It can be seen also that changing the wavelet type or wavelet order modifies the MPS amplitude for the same material/process condition. This effect is more obvious for sisal FRP because it generates the higher MPS values. Both Daubechies and Symlet wavelet families seem to have the same behaviour where changing the wavelet order. However, increasing the wavelet order does not have a regular influence on MPS response so it cannot be taken as an efficient criterion of choice for the wavelets function in the case of NFRP profile milling.
To statistically quantify the wavelet shape choice on the surface roughness response, two linear regression models have been constructed at first by XLSTAT software. The model 1 (M1) takes into account the variation of the wavelet shape as qualitative source variable. The model 2 (M2) takes into account the variation of the wavelet shape as a noise of analysis. Both M1 and M2 are a second-order linear regressions of MPS i variables in terms of fibre tensile modulus and its square (E f and E f 2 ), feed rate and its square (f z and f z 2 ) in addition to the interaction between fibre tensile modulus and feed rate (E f Â f z ) at each scale 'i' of the decomposition. MPS i responses can then be expressed as a linear combination the previous factors. M1 and M2 models are evaluated with R 2 and Q 2 criteria in order to choose the most predictive model for the next ANOVA. Figure 10 shows that Q 2 values are higher for M2 model at all the scales of the decomposition. Moreover, M2 exhibits equivalence between R 2 and Q 2 since they have closer values. According to the 'ANOVA' section, the model M2 is more predictive and it was chosen the next ANOVA studies. The wavelet's shape is then considered as a noise of analysis.
Contribution of fibre stiffness and feed factors on surface morphology signature ANOVA of input variables influence has been performed at each MPS i variable response (i.e. at each scale 'i' of the decomposition) using XLSTAT software as shown in Table 4 . The P-value is computed assuming that the null 'a' factor hypothesis is true. 42 In other words, the P-value is computed based on the assumption that the 'a' source factor doesn't have a significant effect on the response.
ANOVA of the MPS responses shows that the order of each regression model depends on its decomposition the second-order factors begins to take effect from the scale i ¼ 0.064 mm by the significance of E f 2 . The interaction effect starts to be significant from the mesoscopic scales (i ¼ 0.128 mm).
To quantify the contribution significance of fibre stiffness factor, feed factor and the interaction, the contribution ratio of each '' factor (C()) was calculated with the F-test at R 2 confidence. 7 It can be defined by the following formula:
Then X
The contribution rate of both fibre stiffness and feed factors were obtained by summing the contribution rates of the first order and the second order of each factor:
In order to compare the contribution rate criterion between the standard and the multiscale surface characterizations, ANOVA method has been identically applied to the results of the standard surface characterization presented in the Figure 8(a) . Figure 11 reveals that the contribution rates of natural fibre stiffness and feed factors are different at each analysis scale and present specific behaviours at three characteristic zones, which are closed to the characteristic zones defined by multiscale surface roughness analysis: At microscopic zone, fibre stiffness contribution increases significantly by scale increasing while feed contribution decreases significantly until becoming negligible. Interaction contribution is insignificant in this zone and also at mesoscopic scales. This second characteristic area indicates an opposite behaviour of the microscopic zone where fibre stiffness contribution decreases significantly by scale increasing while feed contribution increases by scale increasing. This behaviour is spread until the scale i ¼ 1 mm, which shows the most significant contribution of the interaction between fibre stiffness and feed effects. Feed effect reaches its maximum and fibre stiffness effect reaches its minimum. After this scale, fibre stiffness contribution re-increases by scale increasing while feed contribution re-decreases by scale increasing at macroscopic scales.
Based on Figure 11 , these differences in contribution rate behaviours at each characteristic scale area of multiscale decomposition can be physically explained by the nature of phases treated at each characteristic scale and the considered cutting scale. In fact, microscopic scales are within the fibre bundles. As explained in (NFRP behaviour under milling and the effect on the machined surface morphology) section, the feed effect is insignificant at microscopic scales and only the mechanical behaviour of elementary fibres is controlling the tool/material contact and surface roughness because the cutting contact scale includes only the elementary fibre. Thus, the fibre stiffness contribution rate increases by scale increasing, because it induced a growing of elementary fibre considered for the cutting contact and, then, the disappearance of the specific non-linear behaviour of natural elementary fibre. Mesoscopic scales correspond to the fibre bundle section diameters, which are between 100 mm and 500 mm. Feed contribution becomes significant as it controls the quantity of chopped fibres during the passage of the cutting edge. This contribution rate increases by scale increasing as explained in 'Multiscale effect of milling feed and natural fibres on surface signal topography' section and also because the probability of finding several fibre bundles will be more important. As consequence, the fibre stiffness contribution to the surface roughness decreases but it's still greater than the feed contribution until the scale i becomes more important than fibre stiffness contribution, because the scale i ¼ 1 mm is surely taking into account the macro-NFRP structure shown in Figure 1 (a) with the elasto-plastic behaviour (Figure 2(c) ). Consequently, the tool/material contact is more affected by the feed range than by the fibre stiffness variation because the cutting contact scale will include both natural fibre bundles and polymer matrix that reduce the material stiffness and, then, the contact stiffness. However, and after the scale i ¼ 1 mm which corresponds to the mean fibre size as demonstrated by Chegdani et al., 16 the random orientation of fibres comes into play and furthers, once again, the effect of the fibre stiffness. This behaviour is verified until the global surface roughness scale where fibre stiffness contribution is significantly more important than feed contribution. Indeed, the cutting scales higher than 1 mm are controlled by the mechanical behaviour of the macro-composite, whose mechanical properties are presented in Table 1 . The difference in composites stiffness is due to the fibre stiffness since they have the same polymer matrix. Therefore, the macro-cutting scales are controlled by the fibre stiffness.
Conclusion
Multiscale decomposition approach by DWT has been operated in order to determine the MPS of profile milling process on NFRP composites. Several wavelet shapes has been tested and ANOVA method has been exploited to reveal the contribution rate of fibre stiffness and tool feed variables. The following conclusions have been revealed:
. Multiscale surface roughness analysis shows that the machined surface roughness behaviour of NFRP can be divided into three characteristic zones: microscopic zone which corresponds to elementary fibre scales, mesoscopic zone which corresponds to the fibre bundle section scales and macroscopic zone which corresponds to the global composite scales.
. Wavelet shape has an insignificant effect on the discrimination quality of fibre type and tool feed effects in the multiscale NFRP surface roughness analysis. However, wavelet function variation has an impact on the MPS response at high roughness levels. Thus, wavelet variation can be considered as a noise of MPS analysis. . The ANOVA applied to the multiscale analysis results shows that the contribution rates of both fibre stiffness and tool feed to the surface roughness modification after milling depend strongly on the analysis scale. The contribution rates of fibre stiffness and milling feed on the machined NFRP surfaces are revealed at separated characteristic scales range. . This study demonstrates that the multiscale topographic behaviour of machined surface signals is related to the mechanical behaviour of the materials that are inside the considered analysis scale.
